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A radiation evaluation was performed on LM108 (Op Amp) to determine the total dose tolerance of these parts. A
brief summary of the test results is provided below. For detailed information, refer to Tables I through IV and

Figure 1.

The total dose testing was performed using a cobalt-60 gamma ray source. During the radiation testing, eight parts
were irradiated under bias (see Figure 1 for bias configuration), and two parts were used as control samples. The
total dose radiation levels were 2.5, 5, 10, 15, 20, 30, 50, 75 and 100 krads*. The dose rate was between 0.06 and
1.25 krads/hour, depending on the total dose level (see Table II for radiation schedule). After the 100 krad
irradiation, the parts were annealed at 25°C for 168 hours, after which the parts were annealed at 100°C for 168
hours. After each radiation exposure and annealing treatment, parts were electrically tested according to the test
conditions and the specification limits** listed in Table III.

Al parts passed all initial electrical measurements. All irradiated parts passed all electrical measurements up to
and including the 10 krad irradiation level.

At the 15 krad level, six parts (S/N 52, 53, 56, 57, 58 and 59) exceeded the maximum specification limit of 2.00
nA for various P_IIB and N_IIBtests, with readings in the range of 2.009 to 2.294 nA.

At the 20 krad level, all irradiated parts exceeded the specification limit of 2.00 nA for at least four P_IIB and
N_ITB tests and 6 parts (S/N 52, 53, 56, 57, 58, and 59) exceeded the maximum specification limit for all 8 such
tests, with readings ranging from 2.001 to 2.688 nA.

At the 30 krad level, all irradiated parts exceeded the specification limits for all P_IIB and N_IIB tests, with
readings of 2.251 to 3.534 nA. In addition, S/N 52 fell below the minimum specification limit of -500.0 pV for
VOS_5V, with a reading of -557.4 pV.

At the 50 krad level, all parts continued to exceed the specification limits for all P_IIB and N_IIB tests, with
readings ranging from 3.245 to 11.971 nA. In addition, S/N 52 fell below the minimum specification limit of -
500.0 pV for VOS_N20V, VOS_P20V, VOS_0V and VOS_5V, with readings ranging from -667.4 to -799.8 pV
and S/N 56, 57 and 58 exceeded the maximum specification limit of 0.200 nA for [IOS_N15, IIOS_P15, IIOS_0V
and [IOS_5V, with readings ranging from 0.764 to 1.132 nA.

*The term rads, as used in this document, means rads(silicon). All radiation levels cited are cumulative.
**These are manufacturer's non-irradiation data specification limits. No post-irradiation limits were provided by
the manufacturer at the time these tests were performed. No radiation tolerance/hardness was guaranteed by the
manufacturer for this part.
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At the 75 krad level, all parts continued to exceed the specification limits for all P_IIB and N_IIB tests, with
readings ranging from 4.857 to 9.385 nA. S/N 52 fell below the minimum specification limit of -500.0 pV for all
4 VOS tests, with readings ranging from -882.9 to -1101.0 pV and also exceeded the maximum specification limit
of 16.00 puV/V for Minus_PSRR, with a reading of 17.74 pV/V. S/N 54 fell below the minimum specification
limit of -16.00 wV/V for Minus_PSRR, with a reading of -19.28 uV/V and fell below the minimum specification
limit of 80.00 V/mV for P_AOL, with a reading of 78.51 V/mV.

At the 100 krad level, the same failures in all P_IIB and N_IIB tests occurred in all irradiated parts, with readings
ranging from 6.734 to 13.242 nA. In addition, S/N 52 fell below the minimum specification limit of -500.0 pV for
all 4 VOS tests, with readings ranging from -1109.2 pV to -1368.3 uV. S/N 54 recovered to within specification
limits for Minus_ PSRR and P_AOL, but S/N 52 fell below the minimum specification limit of 80.00 V/mV for
P_AOL and N_AOL, with readings of 59.74 and 79.35 V/mV.

After annealing for 168 hours at 25°C, some recovery was observed in the P_IIB and N_IIB tests, but readings
were still outside the specification limits.

After annealing for 168 hours at 100°C, no rebound effects were observed.

Table IV provides a summary of the failures for each parameter after different irradiation exposures and annealing
steps.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call me at
(301) 731-8954.



ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the purpose of providing
general guidance to employees of the Goddard Space Flight Center (GSFC). This document may be
distributed outside GSFC only as a courtesy to other government agencies and contractors. Any
distribution of this document, or application or use of the information contained herein, is expressly

conditional upon, and is subject to, the following understandings and limitations:
(a) The information was developed for general guidance only and is subject to change at any time;

(b) The information was developed under unique GSFC laboratory conditions which may differ
substantially from outside conditions;

{¢) GSFC does not warrant the accuracy of the information when applied or used under other than
unique GSFC laboratory conditions;

(d) The information should not be construed as a representation of product performance by either GSFC

or the manufacturer;

(e) Neither the United States government nor any person acting on behalf of the United States
government assumes any liability resulting from the application or use of the information.
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TABLE 1. Part Information

Generic Part Number: LM108

CASSINI/CIRS

Part Number: LM108*

EOS/AM

Control Number: 8439

Charge Number: C44541

Manufacturer: National Semiconductor
Lot Date Code: 9409

Quantity Tested: 10

Serial Number of

Control Samples: 50, 51

Serial Numbers of

Radiation Sample: 52, 53, 54, 55, 56, 57, 58, 59
Part Function: Op Amp

Part Technology: CMOS

Package Style: 8-pin TO can

Test Equipment: A540

Test Engineer: T. Mondy

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE II. Radiation Schedule for LM108

EVENTS DATE
1) INITIAL ELECTRICAL MEASUREMENTS 08/31/94
2) 2.5 KRAD IRRADIATION (0.15 KRADS/HOUR) 08/31/94
POST-2.5 KRAD ELECTRICAL MEASUREMENT 09/01/94
3) 5 KRAD IRRADIATION (0.13 KRADS/HOUR) 09/01/94
POST-5 KRAD ELECTRICAL MEASUREMENT 09/02/94
4) 10 KRAD IRRADIATION (0.06 KRADS/HOUR)* 09/02/94
POST-10 KRAD ELECTRICAL MEASUREMENT 09/06/94
5) 15 KRAD IRRADIATION (0.29 KRADS/HOUR) 09/06/94
POST-15 KRAD ELECTRICAL MEASUREMENT 09/07/94
6) 20 KRAD IRRADIATION (0.29 KRADS/HOUR) 09/07/94
POST-10 KRAD ELECTRICAL MEASUREMENT 09/08/94
7) 30 KRAD IRRADIATION (0.59 KRADS/HOUR) 09/08/94
POST-30 KRAD ELECTRICAL MEASUREMENT 09/09/94
8) 50 KRAD IRRADIATION (0.31 KRADS/HOUR) 09/09/94
POST-50KRAD ELECTRICAL MEASUREMENT 09/12/94
9) 75 KRAD IRRADIATION (0.06 KRADS/HOUR) 09/12/94
POST-75 KRAD ELECTRICAL MEASUREMENT 09/13/94
10) 100 KRAD IRRADIATION (1.25 KRADS/HOUR) 09/13/94
POST-100 KRAD ELECTRICAL MEASUREMENT 09/14/94
11) 168-HOUR ANNEALING @25°C 09/14/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 09/21/94
12) 168-HOUR ANNEALING @100°C** 09/21/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 09/28/94

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*The parts were stored at room temperature under bias for nine days while the Co-60 irradiator was undergoing
maintenance. ‘

**High temperature annealing is performed to accelerate long term time dependent effects (TDE), namely, the
"rebound" effect due to the growth of interface states after the radiation exposure. For more information on the
need to perform this test, refer to MIL-STD-883D, Method 1019, Para. 3.10.1.
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Table 1I1. Electrical Characteristics of LM108

Unless Otherwise Specified: Tp =259C, VCC =+/-20Vdc

TEST NAME SYMBOL CONDITIONS LIMITS
. MIN MAX
SUPPLY CURRENT
Plus_Icc Icc +Vee =15V, -Vee=-15V, Voyur = 0V 600uA
Minus_Ice Icc +Vee =15V, -Vee=-15V, Vour =0V -600uA
INPUT OFFSET TESTS
VOS_N20V Yio (Vem=-15V) -500uVv S00uVv
+Vce =35V, -Vee=-5V, VoyT = 15V
P_IIB_N15 +I1B (Vem=-15V) -100pA 2nA
- +Vee =35V, -Vee=-5V, Voyur = 15V
N_IIB_N15 -I1 (Vem=-15V) -100pA 2nA
+Vee =35V, -Vee=-5V, Vqout = 15V )
ITOS_N15 Ito (Vem=-15V) -200pA 200pA
+Vee =35V, -Vee=-5V, Vour = 15V
VOS_P20V A% (6] (Vem=15V) -500uv 500uVv
+Vee =5V, -Vee=-35V, Voyt = -15V
P_IIB_P15 +I1B (Vem=15V) -100pA ‘2nA
+Vee =5V, -Vee=35V, VoyT =-15V
N_IIB_P15 -IIB (Vem=15V) -100pA 2nA
+Vee =5V, -Vee=-35V, Voyt = -15V
II0S_P15 Iro (Vem=15V) -200pA 200pA
+Vee =5V, -Vee=-35V, Voyr =-15V
VOS_0V V10 Vem =0V -500uVv 500uv
P_IIB_OV +I1B Vem =0V -100pA 2nA
N_1IB_0V -I1B Vem =0V -100pA 2nA
IIOS_0V Iro VoM =0V -200pA 200pA
VOS_5V Vio Vem =0V, Vee = +/- 5V -500uV 500uv
P_IIB SV +IIB Vem =0V, Vee = +/- 5V -100pA 2nA
N_IIB_SV -I1B Vem =0V, Vee = +/- 5V -100pA 2nA
IIOS_SV I1o Vem =0V, Vee = +/- 5V -200pA 200pA
CMR_15 CMR VoM = t- 15V 96dB
Plus_PSRR +PSRR +Vee =10V, -Vee = -20V -16uv/v 16uv/v
Minus_PSRR -PSRR +Vee =20V, -Vee =-10V -16uV/v 16uv/v




TOV N PU2 TOV d WASd SN ‘SOA ‘SOII ‘GIT d ‘dIl N 2194 saajourered 9A1ISuds uoneipes ay |,

‘pawxozxad sIsMm $3§91 9Yl SWTI BY3 v Jaanjoejnuew ayl Aq papiaoxd SI9M SITWTT
uotjetpexat-isod oN SITWIT uoTIeDTITOoads 399Ys ejep pPoSleIpeIlT-UOU §,I8INJDRJNUBW 3I IS3YL /¢

*9Tge3 STY3 UT PIpnIoul 10U 2Je pue Butissl ayi anoybnoayl juelsuod psutewsa sajdwes [OIIU0D 3yl
‘Butased STYl ufl pojerpexat sized 3yBTe 8Y3l ISA0 POIRINOTERD 9I9M SONTEA UOTILTIASD PIEPURIS DUR UBAW YL /T

0 |eLye =] to' fsre'~| 1O [OTE-:| TOo' [®ETES| zo- 10" 10’ 0 0 To¥:«] o |sov-~]so o- sd/AMITS SONIW| 62
0 §92° 0 LzT" 0 rze- | vo- bFazz'| o [¥vEZi o 0 0 0 00E " 0 go¢” s0°0|ei/A M3TS snT4a| L2
Lt 61T zt | t'sv| ot |ove ] e1r le‘ev | tz [ evs| 6z 1€ LZ zz (124 zt SST 0z |au/A s _To¥| 9z
18T | 089 LS g0z | zot | ter | €8t | 1sz | ter |2z | ssT LEZ $0E TLS otrze | 91sT | 0s9¢E 08 jau/A ToY N| st
sv1 | zzs z8 96T | €ov | o0BZ 6L 89T | 1t | €%z | 1TT L8T zST TST €stt | seT | ozt 08 |Aw/A Tov¥ df vz
10° fe81-| 1o' le'st-| to' le-sr~} 10" Je'81-| 10 |E-8T~| TO" t0° T0° T0° c'8t-| 1o |e-ot-} 91~ A 100OA N| €2
t0° |98t | 10" |98t | 8y | t'6r| 10" | 9-8T| 10" |[9vEr| 10" 10" T0" T0° g°8t.] to' | 98BI 9T |A I00A d| 22
vt |vzrz| v's v gL fvore| TT |ssiw| o€ |ETiLl T'E 99" sE” 62" to8: | L1 | 69L” 9T | 91- [A/atwasgd snum| 12
15 |esz| Lz [zos| 9 |sorL | T's ‘o6’ 61 |8LS| 86" 1" zz’ 0zZ" 69't 4 LT | g9t 9T | 91- [A/ad wysa enta| oz
et | 8z | €'z | vt | o'z | erT | vz | o1t | €5 | str | 1'% L€ §'€ L€ 9eT | t'v | scx 96 |ap AST WO| 61
10" fLzr'-| 90' |1vo -] vo- |svp'-| €0 |s8o"-] vs’ sy’ 10" T0° 10" ZsT'~| T0' f{®s1'-] z'0 | z'0- |yu AS _SOII| st
L1 |vtoce| €'t torral oz |tior | v'T {TIL| 62 z'z 8T " AN 60" 95:t{ 90 |9v-t z | 10-|yu AS 911 N[ ¢t
L1 lee'z| €'t | vo's| o'z |oor ] v'1 |[Zo'L| 9°¢€ 82 8T " zT” oT” Zv 1| 90 | og'1 z | to- |yu AS €9IT g st
1Lt |s-se-| ove | exe- [ vov | rov- | vee | ooe~ | z1Z 68T 19T bST 6%T o°9b-| ZvT [v-sv-| oos | oos- [Ar AS _SOA| st
zo: loyt -] €o- |sLo'-| vo- |vs0'-]| €0° |TOT <] 6% 0°€ z0* z0° z0" tLt -} to- |eLt'-| z'ol zr0- |yu A0 _SOII| ¢t
61 Joz'e|l et {tve| oz |sor] v'1 |TWL| s'€ 62 6T" £T" 2T 59-% ] co- |65t z | t0-|wu A0 dIT N| eT
81 |soe| €1 |ecs| vz [vror ] vT fxece| 6°¢ 0°¢ 61" €T" AN 66'T | €'z | vz z z | 1 0- |vu A0 °II 4| 2t
191 |9'8s-| sez | ozz- | ove | 8BZ=| ssz |.Zcz=| sst L9T 8ST ¥ST IST 0°Lz-] €vtr jo'gz-] oo0s | cos- |ad AD _SOA| T1
10 |evr-| €0 |swo-| vo' |sTo'-| g0 jiso‘-l s'€ L'z T0° TO0 10° v¥i-] 10" |evr’-| z'o | z0- |yu S1d_SOII| 0T
8y’ |vee| €t [osrs| zoz {Lror | s't | 8sti] woe z'Z 0z" £T TT° £9°1t] 11 |est z | o~ |wu s1d a11 N| s
87" Jove]l vt Ivss| zz | Lror] s'T xSt o'y 61 0Z" £T” or* sz:t] o't | g0t Z | t0-|yu S1d 911 &| 8
19T [9°%5-| 162 | TOoTz- | sec | 19z~ | s8Z | 212~ | 881 89T LST 0LT £ST 6:5Z-] zvy |9-vz-| o0o0s [ oos- |ad A0Zd SOA| ¢
10" |9z1'-| €0 |sso'-| 90° |ir0'-] €0° (98O =| T9- Lo* 0 T0 10" £51'~] to' jsst’=] z'0 | z-0- |yu SIN SOII| 9
81 |voe] 2t fzors| oz |iece] vt sat] 62 s$°Z 6T’ zT” IT Ls Tt Lo | é¥’T z | to- [yu SIN gII N| s
81" |26z | €1 [s6t| 0oz |€6°6] v'1 | 169 s°¢€ z'Z 81" zt’ oT” Ty T | 90" jwve'y z lto-|wu SIN 9I1 4} *
19T |6:99-] Tot | L¥z- | cve | szZE< | 68z | z9z+ | so1 YT 6ST ¥ST 0ST T°6Z=| cv1T |8:8z-] o005 | 0os- Jad AOZN soa| ¢
o |vee'-|l o ieee'-] o letg'=| o |wvE'-| TO" 10" 0 0 0 Zig-4 10" [wig'- 0 9- |ywm oo SNUTW| Z
0 LSE" 0 geg' | 1o | TEE" 0 age | 1o Jiggs] o 0 [} 0 0LE" 0 e’ 9 0 |va oo1 sntd] 1
pPsS uesuw] ps uedw ps uedwW PS ULIW ps uesuw ps ps pPs P8 uesw uesuy] ps uesw unﬂﬁ UTUW sItun  Iejewerey §
DJ.,001® DoST® g/ wp1 ‘oeds IseL
SxIYy B897T| SIY 89T 00T QL 09 0¢ - 0% ST 0T 9 G Z |STeT3Tuy
LCuteauuy (spexy) oaxnsodxy os80g [e3of

I/ SOTIN'T 0] Sui[esuuy pue sainsodxs 9so(J [810],
1018 SJUSUIDINSBIJA] [BOLNOS[H JO Arewwung A dT19V.L




Figure 1. Radiation Bias Circuit for LM108
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